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Abstract. We present pseudorapidity and transverse momentum distributions for the cross section 
for the production of the lightest neutral Higgs boson in association with a high-pT hadronic 
jet, calculated in the framework of the minimal supersymmetric standard model. We discuss the 
theoretical predictions for the differential cross sections at the Large Hadron Collider and the 
Tevatron. In particular, we present the differences in the distributions compared to the Standard 
Model. 
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1 Higgs + Jet in the Standard Model 

The production of SM Higgs bosons in hadron colli- 
sions at the LHC will proceed mainly via gluon fusion 
(gg — * H). The detection of a SM Higgs boson with a 
mass below 130 GeV at the LHC is rather difficult be- 
cause the predominant decay into a 66-pair is swamped 
by the large QCD two-jet background pQ. Therefore, 
only through observation of the rare decay into two 
photons is the inclusive single Higgs boson production 
considered the best search channel in this mass range 
at the LHC. 

Alternatively, and in order to fully explore the Higgs- 
detection capabilities of the LHC detectors, one can 
investigate more exclusive channels like e.g. Higgs pro- 
duction in association with a high-p-r hadronic jet [2]. 
The main advantage of this channel is the richer kine- 
matical structure of the events which allows for re- 
fined cuts increasing the signal-to-background ratio, 
obtained at the price of a lower signal rate compared to 
the inclusive channel (about 10% of the rate of the in- 
clusive process). For the SM Higgs boson, simulations 
of this signal process and its background, considering 
the decay channels H — > 77 [HH] and H — > r + r~ [5], 
have shown promising results for the ATLAS detec- 
tor. Also, very recently, promising simulation results 
for the Tevatron appeared involving this process in 
connection with the decay H — > W + W~ [6]. 

The partonic processes at leading order contribut- 
ing to the hadronic reaction pp — ► H + jet + X (see 
Fig. [T]) are gluon fusion (gg — > gH, 50-70 % of to- 
tal rate), quark-gluon scattering (q(q)g — > q(q)H, 30- 
50 % of total rate) and quark-antiquark annihilation 
(qq — > gH, rate small). The hadronic cross section 
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Fig. 1. Partonic processes contributing to pp — > H + 
jet + X in the SM. Hatched circles represent loops of heavy 
quarks. The depicted tree-level b-quark processes are much 
more important in the MSSM case. 



is dominated by loop- induced processes, involving ef- 
fective ggH- and ggHZ-cowpYmgs. If the 6-quark is 
treated as a parton present in the proton, there are 
additional tree-level processes for quark-gluon scatter- 
ing and quark-antiquark annihilation to consider. Yet 
in the SM, their contribution to the hadronic cross 
section is small. 

A lot of progress has been made towards improving 
the SM predictions. The fully differential distribution 
for Higgs production at next-to-next-to-leading order 
QCD accuracy has become available [7], improved by 
resummation of logarithmically enhanced terms for low 
Pt [EJ. Higher-order corrections to differential cross 
sections for a Higgs boson associated with a high-py 
jet have been obtained explicitly: the next-to-leading 
order QCD corrections in the large top-mass limit [9] 
and, recently, the corresponding resummation of soft- 
gluon emission effects [10]. For the 6-quark process 
bg — > Hb, the NLO QCD corrections are also known 
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Fig. 2. Additional topologies for the loop-induced process 
qg — > qh° and — > gh° in the MSSM. The hatched circles 
represent loops containing at least one gluino line. 

2 Higgs + Jet in the MSSM 

Motivated by the promising SM simulation [3^4] we in- 
vestigated the MSSM process pp — > h +jet+X, involv- 
ing the lightest MSSM Higgs boson [15] . Especially, as 
the process is essentially loop-induced, there are po- 
tentially large effects from virtual superpartners to be 
expected. 

In the meantime, for this process, p-p-distributions 
have been studied in the limit of vanishing superpart- 
ner contributions at leading order [13j and were im- 
proved recently by soft-gluon resummation effects [14j . 
This limit is usually a good approximation when the 
superpartners are heavy, at a mass scale around 1 TeV. 
Quite recently, the SUSY-QCD corrections to the cross 
section and pr distribution of the 6-quark initiated 
processes bg — > hPb have been calculated [15] . 

In the MSSM, the classes of contributing partonic 
processes are basically the similar to the SM: gluon 
fusion g + g — > g + h a , quark-gluon scattering q + g — > 
q + h , and quark-anti-quark annihilation q + q — > 
g + h°. While gluon fusion is an entirely loop- induced 
process, the other two classes also get contributions 
from tree-level 6-quark initiated processes (see Fig.Q]). 
Those Born-type processes are in general dominant 
for wia < 120 GeV, while for large values of wia the 
loop-induced processes dominate. This behaviour is es- 
sentially a consequence of the Yukawa-coupling of the 
lightest MSSM Higgs boson to &-quarks, which can be 
enhanced for low values of the A-boson mass tua- For- 
mulae for the relevant couplings occurring in this pro- 
cess in our notation can be found in [T2"lll6| . 

The presence of superpartners in the loop contribu- 
tions of the MSSM modifies the overall production rate 
for supersymmetric Higgs bosons compared to the pro- 
duction of SM Higgs bosons of equal mass. Moreover, 
there are new Feynman graph topologies containing at 
least one gluino line in the MSSM (see Fig. [2]) which 
also affect the angular distributions and, at the level 
of hadronic processes, change rapidity and transverse- 
momentum distributions of the Higgs bosons or the 
jets, respectively. 



3 MSSM results 

In the following discussion we want to illustrate the 
MSSM predictions for the pseudorapidity, 7?j e t, and 
transverse momentum (pr) distributions of the hadro- 
nic processes pp — > h° + jet + X and pp — ► h° + jet + X 
and outline differences between MSSM and SM pre- 
dictions. To compare a given MSSM scenario with the 



SM, we choose the SM Higgs mass to have the same 
value as the h° boson in that MSSM scenario. For the 
numerical evaluation, we use the cuts 

PT >30GeV, M<4.5, (1) 

which have been used in previous Standard Model 
studies for the LHC OH]. Details of the calculation 
and the MSSM parameter constraints taken into ac- 
count can be found in [TSlflT] 

We show here results for the m™ ax (400) scenario, 
which is specified as follows. 

The soft-breaking sfermion mass parameter is set 
to Msusy = 400 GeV. The off-diagonal term X t (= 
At — fx cot /3) in the top-squark mass matrix is set 
to 2A/susy (= 800 GeV) The Higgsino and gaugino 
mass parameters have the settings fi = —200 GeV, 
Mi = M 2 = 200 GeV, M s = 800 GeV. When tan/3 
is changed, A t is changed accordingly to ensure X t — 
2Msusy- The settings of the other soft-breaking scalar- 
quark Higgs couplings are Ab — A t and Af = (/ = 
e, //, r, u, d, c, s). 

In the m™ ax (400) scenario, small values of wia are 
still allowed. Hence we examine two Higgs sector sce- 
narios: vtia = 110 GeV, tan/3 = 30, and tua = 400 GeV, 
tan (3 = 30. The former leads to the dominance of b- 
quark initiated processes, while the latter is dominated 
by the loop-induced processes [12] . 

3.1 Differential cross sections at the LHC 

The crucial parameter determining the properties of 
/i°+jet production in the MSSM is m A [12] • For m A < 
120 GeV and tan (3 not too small (> 5) the 6-quark ini- 
tiated processes dominate the production rate by far, 
while for larger tua this role is taken over by the loop- 
induced processes Accordingly, we split our discussion 
into the high-m^ and low-m^ cases. 



3.1.1 High vtia 

The influence of rather light, yet not excluded, su- 
perpartners on the total hadronic cross section has 
been demonstrated to be strong [12] . In particular for 
the m^ ax (400) scenario with Msusy = 400 GeV, the 
MSSM cross section for > 200 GeV and any tan /3 £ 
[1, 50] is reduced by about 20 — 40% compared to the 
SM. Here, we investigate the impact on the shape of 
the differential distributions with respect to the SM. 

The total hadronic cross section in the ?n™ ax (400) 
scenario is about 25% smaller than in the SM. Yet, as 
far as the ryjet and pt dependent differences between 
MSSM and SM are concerned, the same qualitative 
picture appears. The variation of the relative difference 
5 with r/jet in the range |^j c t| < 4.5 is about 2% and 
with px in the range pr £ [30 GeV, 1000 GeV] is about 
7%. 

The relative difference between the MSSM and SM 
prediction for the two-fold differential cross section 
d 2 a /dpT/dr/ j ct , indicated by the contours in Fig. [4] 
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Fig. 3. LHC, m^ ax (400) scenario with m A o = 400 GeV, 
tan/3 = 30: differential hadronic cross sections for Higgs + 
jet production and the relative difference, 5, between the 
MSSM and SM prediction. Thick and thin lines correspond 
to the MSSM and SM prediction, respectively. 



shows a non-trivial behaviour with an overall variation 
of more than 6% in the depicted range, |ryj e t| < 4.5 and 
30 GeV < p T < 500 GeV. The differently shaped dots 
in Fig. Q] show the absolute difference between MSSM 
and SM, which gives an idea of the kinematical region 
where the LHC experiments may become sensitive to 
this difference. 

Modifying the cuts may increase the sensitivity to 
deviations from the SM. Guided by Fig. 01 we study 
the cross section o~f with rather soft forwardish jets 
and a c with harder more central jets: 



a c = a (pp -> h° + j + X) 
o-f =a{pp^ h° +j +X) 



l|?)|<1.5, p r >70 GeV j 

1.5<|?j|<4.5, 
30 GeV<p T <50 GeV 



Table Q] shows the results, where also the ratio 

R=—, 
°7 

and the relative difference between MSSM and SM 
-Rmssm — -Rsm 



(2) 



A = 



Rsm 



(3) 



are listed. While each individual cross section in the 
MSSM and the SM is still of the order of 1 pb, which 
translates into 10 5 raw events for an integrated lumi- 
nosity of 100 fb -1 , the MSSM ratio i? M ssM differs by 
4.2% compared to i?sM- 



3.1.2 Low niA 



As an example for the low-m^ case at the LHC we 
show results for the ra™ ax (400) scenario in Fig. [5] The 
change with respect to the SM is dramatic. Due to 
the enhanced cross sections of the 6-quark processes, 
the quark-gluon scattering contribution dominates the 
cross section and even the contribution from qq is larger 
than from gluon fusion. The total hadronic cross sec- 
tion in the MSSM is 22 times higher than in the SM 
(» 175 pb). 



quantity 


SM MSSM 


er c 


1.448 pb 1.096 pb 


a f 


1.419 pb 1.031 pb 


R = <J c /<jf 


1.020 1.063 


A 


4.2% 



Table 1. Cross section prediction in the m™ ax (400) sce- 
nario for Higgs + jet production with jets radiated into the 
central (a c ) and forward part of the detector (07), together 
with their ratio R and the relative difference between the 
MSSM and SM value for R, A. 
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Fig. 4. Relative and absolute difference between the 
MSSM and SM prediction for d 2 a /dn^tdpr at the LHC for 
the rrC ax (400) scenario with m A o = 400 GeV, tan/3 = 30 
as a function of pr and ?j et . Contour lines show the relative 
difference in %, while diamonds (♦), squares (■), triangles 
(a), circles (•), refer to an absolute difference in the range 
0.1-0.5 fb/GeV, 0.5-1 fb/GcV, 1-5 fb/GeV, 5-10 fb/GeV 
respectively. In the white area the difference is less than 
O.lfb/GeV. 



Out of all jets allowed by our cuts |T]) a larger frac- 
tion of jets is radiated into the central part of the de- 
tector. For instance, the fraction of jets produced with 
|?7jet| < 2 compared to all jets allowed by the cuts is 
93% in the MSSM versus 85% in the SM. Correspond- 
ingly, the pt spectrum is much softer than in the SM, 
yielding an enhanced rate for processes with jet trans- 
verse momenta below 850 GeV, e.g. by a factor of 10 
for pt — 100 GeV, and rates similar to the SM above 
850 GeV. 



3.2 Differential cross sections at the Tevatron 

The typical hadronic cross section for Higgs + jet in 
the SM expected at the Tevatron for the cuts pt > 
30 GeV and |7jj e t| < 4.5 is around 0.1 pb for Higgs 
masses around 100 GeV, which is possibly not suffi- 
cient to be observable at the Tevatron. Therefore, for 
the Tevatron only the MSSM scenarios with low m,A 
and tan/3 not too small are of interest. Those scenarios 
exhibit a cross section enhanced by a factor of up to 
30 compared to the SM [12]. This is due to the con- 
tribution of 6-quark initiated processes which become 
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Fig. 5. LHC, m™ ax (400) scenario with m A o 
tan f3 = 30. (See also caption of Fig. [3]) 



110 GeV, 



dominant because of the strongly enhanced Yukawa 
coupling of &-quarks to the Higgs boson h°. 

Fig. [6] shows results for the same low-m^ scenario 
as just described for the LHC in the previous para- 
graph. Very similar to the LHC case, we see a strongly 
enhanced total hadronic cross section with a softer px 
spectrum and a larger fraction of jets radiated into the 
central part of the detector than in the SM. 





Pt [GeV] 

Fig. 6. Tevatron, m™ ax (400) scenario with m A o 
110 GeV, tan/3 = 30. (See also caption of Fig. H) 



4 Summary 



ated into the central part of the detector larger than 
in the SM. 
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We have calculated pseudorapidity and transverse mo- 
mentum distributions for the MSSM h° + high-p^ jet 
production cross section at the LHC and the Teva- 
tron. For scenarios with large tua, the loop- induced 
processes dominate the cross section, and superpart- 
ners can have a significant impact when they are not 
too heavy. For small tua, the Yukawa couplings of the 
6-quarks are enhanced and hence the cross section is 
dominated by 6-quark induced tree-level parton reac- 
tions. The example investigated here, the m™ ax (400) 
scenario, shows a strongly enhanced hadronic cross 
section compared to the SM, by a factor of more than 
20. Such a scenario predicts for both LHC and Teva- 
tron a softer px spectrum, with a fraction of jets radi- 



